The relationship between migraine and restless legs syndrome (RLS) has been described in the literature for some years, based on clinical findings and pathophysiological considerations. There are some possible factors relating migraine and RLS. Both are diseases involving the central nervous system, the two diseases seem to share a dopaminergic mechanism, and it is also believed that they may share a genetic origin. At present, doctors who work with these two diseases should be encouraged not to simply investigate the simultaneous presence of both, but should also apply a treatment better adapted to this possibility. Research should be directed at some still unanswered questions for a better understanding of the association between migraine and RLS.
Introduction
Restless legs syndrome (RLS) also known as Willis-Ekbom disease was first defined as a new syndrome in 1944 in Sweden by Karl-Axel Ekbom, with the description of four essential characteristics based on eight clinical cases. Ekbom was a renowned neurologist known for various articles on neurological topics. He also studied about the pain, headache, and specifically migraine. 1, 2 Over the last two decades, RLS has attracted interest in the medical area because of its prevalence and repercussions, and recent studies dealing with its epidemiology, physiopathology, genetics, and clinical consequences have been of help for a better understanding of the condition. Ferreira et al (via the trigeminocervical nucleus in the brain stem) may be a facilitator of the sensory symptoms related to RLS. In addition, the two diseases seem to share a dopaminergic mechanism. While migraine patients seem to have D2-like hypersensitivity of dopaminergic receptors and dysfunction of D2 receptors at the level of the brain stem, in RLS there is dysfunction of D2 receptors at the level of base nuclei. Thus, the hypothesis has been raised that D2 receptors in other brain regions may be hypersensitive, facilitating migraine crises. 7, 8 It is also believed that the two diseases may share a genetic origin. Bonati 9 suggested a genetic link common to the two diseases mapped to chromosome 14q21. This origin was described in an Italian family with an autosomal dominant familial form of RLS. However, Soragna 10 reported genetic susceptibility to migraine without aura, also related to chromosome 14q21, with no description of RLS in these patients.
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Migraine and RLS association studies
The first study relating migraine and RLS was published in 2003 by Young et al. 11 In 2007, Rhode et al 12 detected a significantly higher frequency of RLS in patients with migraine than in control patients (17.3% vs 5.6%, P,0.001). The cited study had some weak points, mainly regarding subject selection since subjects with chronic migraine or taking migraine medications that might influence the dopaminergic pathways and facilitate the presence of RLS were not excluded. 12 D'Onofrio et al 13 detected a 22.4% prevalence of RLS in 200 patients with headaches compared with a prevalence of 8.3% in controls. The scores on anxiety and depression scales were higher for patients with RLS and there was no correlation with obesity or specific characteristics of migraine.
Another study detected an 11.4% prevalence of RLS in 772 patients with migraine, who also showed a higher prevalence of nausea, photophobia, phonophobia, and vertigo and higher scores on anxiety and depression scales (Hospital Anxiety and Depression Scale) and no Migraine Disability Assessment. 14 In addition, patients with migraine and RLS comorbidity have more dopaminergic symptoms related to migraine (nausea, vertigo) compared with controls. 15 Population studies have reported similar magnitudes of findings of RLS/migraine association in male and female populations. The association was not modified by other factors such as age, ethnic group, presence of depression, anxiety, sleep quality, Parkinson's disease, iron supplementation, smoking habit, alcohol drinking, hypertension, or body mass index. The presence or absence of aura also had no influence on the findings. [16] [17] [18] More recently, the inverse relationship has been investigated, showing that 15.1% of 265 patients with RLS had migraine. Although this prevalence was not higher than that for the population in general, RLS was more severe in these patients and a family history of RLS was more common in patients with RLS and migraine. Another study conducted on 47 patients with RLS showed that 53.2% of them had migraine. 19, 20 Finally, a systematic review of the topic reported that previous studies suggested that RLS is more frequent among patients with migraine, with plausible hypotheses explaining this association. 21 The objective of the present study was to summarize the advances in the investigation of the relationship between migraine and RLS and to analyze the next steps to be taken in this interesting area of research.
Migraine
Migraine is a common neurological disease affecting 10%-20% of the world population. 22 The peak of prevalence is located around 30-50 years of age, with a 2.2:1 predominance among females. More than 70% of the patients have at least one direct relative affected by migraine. 23, 24 The International Classification of Headache Disorders defines migraine as a recurrent headache manifesting in crises of throbbing or pulsating pain of moderate to strong intensity that worsens with daily activities, lasting 4-72 hours. The pain is unilateral in two-thirds of the cases and may be accompanied by nausea, vomiting, photophobia, and phonophobia. 25 The physiopathology of migraine is based on cerebral hyperexcitability of probable polygene inheritance and with incomplete penetrance. After exposure to certain triggering factors, there is the release of neurotransmitters such as bradykinin, nitric oxide, substance P, and calcitonin gene-related peptide in meningeal vessels, causing increased vascular permeability and resulting in an inflammatory reaction. The trigeminal afference carries this pain to the thalamus and later to the cerebral cortex, where it becomes conscious. 26 The dopaminergic involvement in the pathogenesis of migraine is characterized by hypersensitivity of D2-like receptors. Migraineurs are considered to be hypersensitive to dopamine, which may be responsible for symptoms such as nausea, irritability, and vertigo and also for the symptoms of the premonitory phase of the crisis. Dopamine is also involved in the vasodilation of cranial arteries. There are five types of dopaminergic receptors, classified as D1 like (D1 and D5) and D2 like (D2, D3, and D4). Drugs that 
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Migraine and restless legs syndrome antagonize D2 receptors are known to act positively in the treatment of migraine. 7, 27 In addition, a large number of diseases have been associated with migraine, including fibromyalgia, 28 depression, 29 sleep disorders, 30, 31 and other disturbances of movement mediated by dopaminergic pathways. 32, 33 These associations suggest that migraine may share physiopathological aspects with other diseases, stimulating the investigation of these comorbidities.
Restless legs syndrome
The prevalence of RLS has been estimated at 5%-10% of the world population, with ethnic and geographic differences. 3 A prevalence of 0.1% has been observed in Singapore, 34 3.19% in Turkey, 35 6.77% in Mozambique (Africa), 36 and 6.4% in Brazil. 37 The different prevalence rates observed in epidemiological studies were probably due to many factors such as ethnic composition of the population, environmental influence, and also the methodology used to obtain the data.
As is the case for migraine, there is a higher prevalence of RLS among women, at a ratio of two women to one man and, in contrast to migraine, the prevalence of the condition increases with age. 3, 4 Approximately 70% of the cases are primary forms (genetically inherited or idiopathic), while the remaining ones are symptomatic (secondary to other conditions such as iron-deficiency anemia, peripheral neuropathies, pregnancy, and uremia). 3, 4 The first genetic locus demonstrating association with RLS was mapped to chromosome 12q. 38 At least four other loci have been described (14q, 9p, 2q, 20p). 39 More recently, susceptibility to RLS was demonstrated in five genes (chromosomes 2, 6, 9, 15, and 16). 40 These findings suggest a variable phenotypic expression resulting in clinical heterogeneity.
The diagnosis of RLS is exclusively clinical and has been established by the International Restless Legs Syndrome Study Group 3 based on the presence of four clinical criteria: intense and irresistible wish to move the legs usually associated with paresthesias or dysesthesias in the legs; worsening of symptoms during rest; total or partial relief by movement; and worsening at the end of the day and at night. Criteria supporting the diagnosis are the presence of periodic leg movements, a family history of the disease, and a therapeutic response to dopaminergic agents. 3 The physiopathology of RLS includes a dysfunction of dopaminergic mechanisms and the possibility that iron deficiency may alter the cell function of D2 dopaminergic receptors in specific areas such as base nuclei, nigrostriatal region, and nucleus ruber. 8 In this respect, low ferritin levels have been observed in patients with RLS, indicating the presence of low iron store levels. 41, 42 It should be remembered that iron is also an important cofactor in the synthesis of dopamine. Thus, iron deficiency may induce changes in dopaminergic signaling. In-depth studies of the relationship between RLS and iron have been reported in the literature. In addition, Yucel et al 43 believe that low iron levels may be associated with the pathophysiology of migraine detected in patients with RLS. Gupta et al 44 believe that iron dysmetabolism and increased serum phosphorus levels could be a link between migraine and RLS.
Several comorbidities related to RLS have been reported in the literature, such as sleep disorders, 45 depressive disorder, 45 fibromyalgia, 46 diabetes mellitus, 47 and peripheral neuropathies. 48 Since some of these comorbidities are also more frequent in migraine, this would be an interesting point for the investigation of the causal relationship between the two diseases. 49 A curious topic is the treatment of RLS and its possible relationship with migraine. The treatment of RLS is indicated for patients with important symptoms that may interfere with sleep and the quality of life. Three main classes of medications can be used: dopaminergic agonist agents, opioids, and alpha-delta ligands. The dopaminergic agents (pramipexole, ropinirole, rotigotine) are considered to be first choice for the treatment of RLS. However, the use of dopaminergic medications for the treatment of RLS may trigger migraine crises. On the other hand, the use of medications with an antidopaminergic action for the treatment of migraine such as neuroleptics and antiemetics may also trigger or worsen RLS. 7, 8 Regarding the alpha-delta ligands, pregabalin has been shown to be clinically effective, as demonstrated in clinical trials for the treatment of migraine and RLS.
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Discussion and current perspectives
The relationship between migraine and RLS has been described in the literature for some years, based on clinical findings and pathophysiological considerations. Two recent well-designed population cohort studies have supported these findings, [16] [17] [18] previously reported in case series and in case-control studies [12] [13] [14] [15] 19, 20 (Table 1) . A systematic review and meta-analysis of studies investigating RLS in headache/ migraine and vice versa was performed and identified 24 
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Ferreira et al studies. RLS prevalence in migraine ranged from 8.7% to 39.0% and migraine prevalence in RLS ranged from 15.1% to 62.6%. 52 The prevalence of migraine, however, is a different point of study. 19 From a clinical viewpoint, both diseases are characterized by their chronic nature, with periodic exacerbations, involving women and having an important impact on the quality of life and on sleep. In addition, there are physiopathological and genetic bases that support the plausibility of this relationship. Thus, from a scientific perspective, what possible factors could be analyzed when relating migraine and RLS?
First of all, both diseases involve the central nervous system and mechanisms of sensory and/or pain perception. The repeated activation of sensitive pathways in both diseases may lead to central sensitization (via the trigeminocervical nucleus in the brain stem) and to the facilitation of perception of painful/sensory stimuli. This theory has been previously considered and may also explain the presence of other painful syndromes such as fibromyalgia associated with the migraine/RLS binomial. 6 Second, there is dopaminergic involvement in both conditions. In RLS, there seems to be involvement of dopaminergic A11 cells in the hypothalamus and dysfunction of D2 receptors in base nuclei, with the possible presence of hypersensitivity of these receptors in other brain areas, as is also the case for the pathogenesis of migraine. [6] [7] [8] In addition, A11 cells may be able to inhibit the activation of the trigeminocervical complex, which is an important region for pain transmission in migraine. 53 Another point of connection between the diseases is the iron metabolism. Iron is an important cofactor in the synthesis of dopamine. Low ferritin rates may be associated with RLS. Moreover, it is known that chronic migraine has iron deposit in the periaqueductal gray, indicating altered metabolism of the element in the brain. Would be iron deposit decreased as tyrosine cofactor in D2 receptor, facilitating RLS? [41] [42] [43] [44] Third, a possible genetic link exists for the two diseases, mapped to chromosome 14q21. 9 This is an important point for scientific investigation in future studies.
Fourth, the two diseases have common comorbidities. 49 Sleep disorders as well as insomnia and sleep deprivation, which may trigger migraine, are more frequent in patients with RLS. Depressive disorder is more frequent in patients with migraine than in patients with RLS. The functional impairment caused by these diseases is believed to be the cause of depressive disorder. In previous studies that performed multivariable analysis with models adjusted for comorbidities such as depression, anxiety, sleep disorders, diabetes, obesity, and smoking habit, the relationship between migraine and RLS was not modified. [16] [17] [18] On the other hand, in another study, logistic regression analysis revealed that RLS comorbidity in migraine patients was associated with insomnia, daytime sleepiness, depressive symptoms, headache-related disability, and increased serum phosphorus levels. 54 Appropriate treatment of the presence of associated depressive disorder may lead to an overall improvement of the patients.
Another important aspect is the use of medications. Patients with migraine use more medications in a chronic manner, especially some that can influence the dopaminergic pathways facilitating the presence of RLS. Also, patients with RLS use dopaminergic agonist medications that may worsen the crises of migraine. In these cases, should we avoid medication with a dopaminergic action and prefer alpha-delta ligand agents (pregabalin), which may act by improving both diseases? 50, 51 
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Migraine and restless legs syndrome
Finally, a multidimensional approach to the management of chronic diseases such as migraine and RLS also includes nonpharmacological treatments such as the practice of physical exercises in both situations. Previous studies have reported that the practice of a program of physical conditioning with aerobic exercises at a frequency of three times a week improves the symptoms of both migraine and RLS. 55, 56 Thus, it would be interesting to recommend these exercises routinely to patients with this comorbidity.
What are the current perspectives and what should future studies look for? The relationship between migraine and RLS has been well documented in the literature and doctors who work with these two diseases should be encouraged not to simply investigate the simultaneous presence of both, but to also apply a treatment better adapted to this possibility. The presence of associated depressive disorder should also be properly treated and preventive strategies of benefit for both diseases should be stimulated, together with sleep hygiene habits and regular physical activity.
Regarding research, there still are some unanswered questions. In the basic area, the physiopathological mechanisms related to these comorbidities are still being elucidated. In addition, the possible genetic association between the two diseases still requires further study. In the clinical interface, there still are some points that have not been clarified. Does effective treatment of RLS influence the improvement of migraine and vice versa? A single study that assessed the effect of RLS treatment on the improvement of migraine detected that only 30% of the patients with migraine reported improvement of migraine after RLS treatment. 18 What could be the best therapeutic approach for these cases? In clinical practice, an appropriate evaluation of the medications used by these patients is essential for successful treatment, although these questions are still open to new studies and investigations. We believe that new clinical trials on patients affected by the two conditions could help us to find out which medication would be the most appropriate in this situation.
Conclusion
The relationship between migraine and RLS has been well documented in the literature. At present, doctors who work with these two diseases should be encouraged not to simply investigate the simultaneous presence of both, but should also apply a treatment better adapted to this possibility. And research should be directed at some still unanswered questions for a better understanding of the association between migraine and RLS.
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